Abstract. These case studies endeavor to report incidences of caudal fin deformities in several commercial fishes living in natural populations in the Saudi Arabian coastal waters of the Arabian Gulf. Two groups of anomalies were observed, slight and severe. The carangid species, Parastromateus niger (Bloch) and the soleid species, Euryglossa orientalis (Bloch & Schneider), had slight cases of caudal fin abnormalities, while the species Oreochrromis mossambicus (Peters), Epinephelus stoliczkae (Day), Diagramma pictum (Thunberg), Cephalopholis hemistiktos (Rüppell), Lethrinus nebulosus (ForsskDl), and Lutjanus sanguineus (Cuvier) had severe deformities. The abnormalities were assessed by morphological diagnosis. None of the cases was fatal as they occurred in adult individuals. The possible causes for these deformities as well as the suitability of this kind of case study for environmental monitoring are discussed. Further studies should be conducted from the perspective of pollution.
Introduction
Aberrations in fish bodies have attracted the attention of researchers since the sixteenth century (Gudger 1936) , and since then a large number of studies have documented the presence of various types of anomalies in wild fishes (Boglione et al. 2006 , Jawad and Hosie 2007 , Jawad and _ktoner 2007 , Koumoundouros 2008 , Orlov 2011 , Jawad and Al-Mamry 2012 , Rutkayová et al. 2016 , Jawad et al. 2016 . Fin anomalies are generally extremely well documented in both wild and reared fish (Divanach et al. 2016) , and they include the absence of the tail or compression (Lemly 1993 , Jawad 2014 . The incidence of partial tails is very rare in wild fish populations (Orlov 2011 , Divanach et al. 2016 . During early life stages of fish and with the presence of unfavourable environmental conditions, such as pollution, skeletal deformities can occur (Bengtsson et al. 1988 , Lemly 1993 . In wild fishes, visible anomalies are usually encountered through fishing activities, angling, and scientific studies. Abnormal fishes can be used as indicators of water pollution because of their high incidence in polluted areas (Bengtsson et al. 1988) .
A limited number of studies concerning caudal fin deformities have been published on the fishes of the northwest Indian Ocean region, the Sea of Oman, and the Arabian Gulf. They were reported from Kuwait by Almatar and Chen (2010) , from the Sultanate of Oman by Jawad (2014) and Jawad and Al-Mamry (2012) , and from Iran by Jawad et al. (2010) . No studies of caudal fin deformities have been published on any fish species from the Arabian Gulf coasts of Saudi Arabia. Therefore, the aim of the present case studies were: (1) to report for the first time several caudal fin deformities observed in fishes from Saudi Arabia; (2) to describe these anomalies and compare them with those of normal individuals. March 10, 2015 , to November 18, 2016 , in the waters of Jubail City, Saudi Arabia. The specimens of O. mossabicus brought from the Sultanate of Oman were collected from lagoons. The specimens were collected by local fishermen using drift gill nets. Normal specimens were obtained from the same fishing catches at the same fishing locality to make comparisons. Bodies and fins were examined carefully for external parasites, malformations, amputations, and any other morphological anomalies. In the measurement of the fish samples, the size of the individuals that had lost their caudal fin completely was referred to as body length.
Materials and methods

Results
Description of caudal fin deformities. Caudal fin deformities of the 11 deformed specimens examined were divided into two categories based on the complexity of the case. The slight deformity group includes those cases where part of the caudal fin was damaged. The severe deformity group was represented by specimens that presented with the absence of the whole caudal fin with the underneath supporting bony structures. In all cases observed, no scars were noted in the healed injured area.
Slight deformity
Family: Carangidae
Parastromateus niger ( Figures 1A-B) . The normal caudal fin in this species had upper and lower lobes of nearly equal size. In the anomalous specimen, the upper lobe of the caudal fin was smaller than the lower lobe by about 50%. The length of the fin rays in the deformed lobe graduated in length dorsally and ventrally, with normal tips. No other anomalies were noted.
Family: Soleidae
Euryglossa orientalis ( Figures 1C-F) . The deformed caudal fin in this specimen had constrictions both dorsally and ventrally at its base. It was different in shape to the normal caudal fin in this species, where its outer contour is continuous with those of the dorsal and anal fins. The caudal fin rays were clumped together and not clearly separated. The blind side of the fish showed that the posterior anal fin rays were slightly deformed with a curved shaped, and the 66 Laith A. Jawad et al.
caudal fin looked much smaller than the normal caudal fin. No other anomalies were observed.
Severe deformity Family: Cichlidae
Oreochromis mossambicus, abnormal specimen 210 mm body length (Figures 2A) . In this specimen, a complete absence of the caudal fin with its supporting skeletal elements and the caudal peduncle area of the vertebral column were evident. The deformed area reached the posterior edge of both the dorsal and anal fins. In the normal specimen there were 15-18 dorsal soft fin rays, while in the deformed specimen there were 11 soft rays, with the 11 th ray exhibiting a slight abnormality. The anal fin rays were complete in number as in the normal specimen. No other abnormalities were noted.
Family: Epinephelidae
Epinephelus stoliczkae ( Figure 2B ). In this anomalous specimen, the whole caudal fin and the underneath supporting skeleton together with the caudal peduncle part of the vertebral column were absent. The posterior end of the fish was rounded, and the tissues in this area formed a ball-like shape around the posterior end of the fish. The deformed area did not reach the posterior edges of the dorsal and anal fins. No other deformities were noted.
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Family: Haemulidae
Diagramma pictum . In this species, there were four specimens with no caudal fins. Comparing the deformed specimens with the normal one (Figure 3b) , it appeared that the affected areas in them did not extend back to the posterior edges of the dorsal and anal fins. Therefore, the soft rays of these fins were not affected by this deformity. The complete absence of the caudal fin also involved the complete absence of the caudal skeleton and the caudal peduncle area of the vertebral column. The internal viscera of the deformed specimens examined were normal and the gonads were developing very well. No other anomalies were observed in the deformed specimens.
Family: Serranidae
Cephalopholis hemistiktos (Figures 4C-D) . In these specimens, half of the caudal fin was present. In this species, the caudal fin has a rounded posterior end, with straight ending fin rays. The lower lobe of this fin was completely absent with the underneath supporting skeleton. The fin rays in the upper lobe appeared deformed and clumped together. No other morphological anomalies were noted.
Family: Lethrinidae
Lethrinus nebulosus (Figures 4E-F) . The shape of the caudal fin in the normal specimen was bifurcated and lunate. In the deformed fish, the lower lobe of the caudal fin was incomplete. The missing part was the ventral anterior part of the fin. The deformity was mild in severity as the muscles in the disturbed area seemed to be affected. Some of the short caudal fin rays were left in place without any deformity. No other deformities were observed. 68 Laith A. Jawad et al. 
Family: Lutjanidae
Lutjanus sanguineus ( Figure 4G ). In this deformed specimen, the complete upper lobe of the caudal fin was missing along with its underneath supporting skeleton. The 1 st and 2 nd hypural bones were enlarged and had a rounded shape. The deformed area involved the caudal fin, and the caudal peduncle was normally developed. No other teratogens were noted.
Discussion
This is the first examination of case studies to investigate the type of caudal fin anomalies that are observed in adult wild teleosts fish species from the Arabian Gulf in general and Saudi Arabian waters in particular. The aim was to identify teratogenic caudal fins in the specimens of the species studied and to identify a possible relationship between these deformities and several types of environmental factors such as pollutants. Several fish species from a wide taxonomic spectrum that exhibited caudal fin abnormality and were collected from the same geographical area could explain the suggestion put forth by Browder et al. (1993) .
Although there are a large number of studies on fin anomalies worldwide, the percentage of aberrations for each fin is not available. In general, the distribution of the fin deformities can be considered to be second to vertebral column abnormalities in fish, which comprise 13% of malformed vertebral columns described (Galván-Magaña et al. 1994) . In aquaculture, it is possible to estimate the incidences of anomalies in certain fins (Koumoundouros 2010) .
Caudal fin deformities can developed as a result of the abnormal bending of the posterior end of the notochord during the yolk-sac stage in the early life history of fish before the development of the caudal skeleton (Koumoundouros et al. 1997) . Therefore, the fish specimens examined in the present case studies could have been living for several years with these abnormalities, and this kind of malformation would not have interfered with biological activities, such as feeding (Ribeiro-Prado et al. 2008) . The different caudal fin anomalies were not fatal, but we do not know if they affected mobility in some way. The pectoral fins were found to be in apparently perfect condition, but not the caudal fin, which did not have the characteristic shape of that in normal individuals.
The important roles of maneuvering and steering in fishes are assigned to the caudal fin. Therefore, it must be structured so as to cope with hydrodynamic pressures with the least possible expenditure of energy (Boglione et al. 1993 , Lauder 2000 . Any deformity in the caudal fin will hamper the flexibility of the tail, thus impairing the performance of the fish including the capacity to avoid predators. Weihs (1972) and Webb (1973 Webb ( , 1977 suggest that metabolic rates and metabolic scope are not affected by the amputation or absence of part of the caudal fin in fish. Therefore, the metabolic power made available to the muscular system will be the same in normal and deformed specimens. Also, these authors found that critical speed was not considerably reduced by the partial absence of caudal fin lobes, but it was reduced drastically when the caudal fin was completely absent. Schäperclaus et al. (1992) suggests that there are five major classes of possible causes of fish malformations: hereditary factors, damage during embryonic development, injuries, diseases, and damage stemming from environmental factors. In the current study, the specimens presenting with no caudal fin could have been attacked by predators during the juvenile stage because of the well healed tip of the posterior end of the vertebral column, but without further information; however, we are unable to support this hypothesis. Usually, fish that survive injuries encounter several other problems such as blood loss, overcoming osmotic disturbances, infections, slow healing, avoidance of predators, hunger, and great changes in the ability to swim (Gunter and Ward 1961) . Consequently, the status of such fish anomalies in the Arabian Gulf area needs to be evaluated continually and accurately.
Disturbances in environments inhabited by fish can be traced and monitored through the development of different deformities that can signal the existence of ecosystem disruptions. Therefore, it is Incidences of caudal fin malformation in fishes from Jubail City, Saudi Arabia, Arabian Gulfimportant to make people are aware of how healthy the environment is in which they live.
In nature, several potential factors can cause caudal fin deformities including the effects of light and heat exposure during reproduction (Koo and Johnston 1978) and heavy metal pollution (Slooff 1982) . Water temperatures in the Arabian Gulf vary widely throughout the year, which induce variations in water oxygen levels. This variation is very clear during the summer when temperatures and salinity are at their highest levels (Al-Ansi et al. 2002 , Mohamed and Mesaad 2007 , Al-Thukair et al. 2007 , Dawoud 2012 . Further studies should be conducted from the perspective of pollution, especially of the port of Jubail City, which is the largest Saudi Arabian industrial and commercial port on the Arabian Gulf coast where thousands of oil barrels and hundreds of tons of commercials goods from oil super tankers and commercial vessels, respectively, are handled daily. The adverse effects of this maritime activity on the marine environment of the waters in the vicinity of Jubail City have altered it into a heavily polluted habitat (El Samra et al. 1986 , Cross 1992 , Reynolds 1993 , Massoud et al. 1996 , Barth 2003 , Bejarano and Michel 2010 .
Generally, morphological deformities can negatively impact economic outcomes through reduced fish weight, and, more importantly, from a much reduced value per kg of slaughtered fish. Therefore, further efforts to improve fisheries management should be made to explore the various etiological causes of deformities before further critical choices are made.
